SUMMARY The pulmonary trunk and aortic root were measured on cross sectional echocardiograms in 173 normal subjects aged from one day to 15 years. Fifteen neonates were reexamined 3-6 days later. The great vessels were visualised in the parasternal long axis and short axis views. All measurements were made in end diastole and end systole by the leading edge method. The internal diameter (inner surface to inner surface) of the pulmonary trunk was also measured. The diameters of the great vessels correlated best with the square root of body surface area. Individual variability in cardiac growth gave a wide scatter of normal values. This was controlled for by calculating the ratio of the pulmonary trunk to aortic root for each subject. This ratio showed little individual variability and, except for the neonatal period, was remarkably constant throughout infancy and childhood (1 06 (0 06)). In the first 24 hours of life the ratio of the pulmonary trunk to the aortic root was significantly larger (1 29 (0 12)) but within one week it decreased to the "normal" ratio found in the older age groups.
628 was 39 5 (0 9) weeks and mean weight was 3-41 (030) kg. This group was further subdivided according to age. Subgroup 1A was 10 neonates examined within 12 hours of birth and subgroup 1B 10 neonates examined between 12 and 24 hours of life. Fifteen of these 20 infants were restudied [3] [4] [5] [6] days after the initial examination.
Group 2 consisted of 153 infants and children, aged one week to 15 years (mean 4-4 years). They were taken at random from the outpatient or inpatient services of the hospital or were the children of employees of the hospital or medical school. In selecting subjects we tried to obtain a more or less equal distribution across the age groups and range of body surface area. Weight and height were reported at the time of echocardiography. The body surface area was calculated by the Boothby and Sandiford modification of the Dubois nomogram.9 ECHOCARDIOGRAPHIC 
STUDIES
Cross sectional echocardiographic examinations were performed with an ATL/ADR mechanical sector scanner with 3 5 or 5 MHz focused transducers. The instrument had built-in movable electronic callipers which automatically calculated the distance between two points. All diameters were directly measured on the video screen of the scanner. The subjects were examined in the supine or left lateral decubitus position. The pulmonary artery was imaged in the parasternal right ventricular long axis view. This section allows good visualisation of the entire right ventricular outflow region, the pulmonary valve, and the pulmonary trunk. The diameter of the pulmonary trunk was measured at the pulmonary valve level (fig la) . The aortic root diameter was imaged in the parasternal left ventricular long axis view and its diameter was measured distal to the sinuses of Valsalva (fig lb) . In addition, both great arteries were imaged simultaneously in the parasternal short axis view. In this instance the diameters of the pulmonary trunk and aortic root were measured at valve level.
Measurements were made by the leading edge method. This technique could not always be applied reliably to the pulmonary artery imaged in the parasternal short axis view. For comparison we used both methods (leading edge and inner to inner surface) to measure the pulmonary trunk in the parasternal long axis view. All measurements were obtained in both end diastole (at the onset of QRS) and end systole (at the onset of the T wave). We took the mean value of three measurements. We also calculated the ratio of the pulmonary trunk to the aortic root in end systole and end diastole.
STATISTICAL ANALYSIS
We used a regression mode to express each echo Ichida 
Results
All echocardiographic measurements were expressed as four functions of body surface area. In infants and children (group 2) the great vessel diameters were best fitted to the square root function of body surface area. Figure 2 shows the mean values and 95% prediction intervals. Table 1 lists the regression functions for these measurements and body surface area. The correlation coefficients were very high (r > 095) and they were similar for measurements in the long axis and short axis parasternal views.
The pulmonary trunk to aortic root ratios, determined in the long axis and short axis views, were independent of body surface area (table 1) Neonates (group 1) differed from the main study population (group 2) in several respects (table 2) . The pulmonary trunk was relatively large in the first 12 hours of life. Slightly but significantly smaller diameters were found in the groups that were 12-24 hours, 3-6 days, and 1-3 weeks old. In the 3-6 month age group the dimension of the pulmonary trunk was again equal to that at birth and from three months onwards there was a steady increase in pulmonary trunk size, related to age and body surface area ( fig 3) . In contrast, the aortic root dimension increased gradually with age from birth onwards. This difference in growth pattern was also expressed by the pulmonary trunk to aortic root ratio. In group 1A (age A 12 hours) the pulmonary trunk to aortic root ratio was 1.29 (012). This value was significantly larger (p < 0005) than in neonates aged 12-24 hours, in whom the ratio of the pulmonary trunk to the aortic root was 1.12 (010). In neonates aged 1-3 weeks the pulmonary trunk to aortic root ratio was 1 infants and in group 2 as a whole (1 05 (0 06)). Eight of the 10 neonates in whom the echocardiographic diameters were obtained in the first 12 hours were restudied during the first week of life. The pulmonary trunk to aortic root ratio decreased considerably within one week after birth in all eight cases (fig 4) . Table 3 shows the differences between measurements of the great arteries obtained by different methods: in systole versus diastole, from the parastemal short axis view versus the long axis view, and the intemal diameter of the pulmonary trunk versus the diameter obtained by the leading edge method.
The diameter of the pulmonary trunk and aortic root was slightly larger in systole than in diastole (p < 01001). The mean value of the pulmonary trunk increased by 4 3%, the mean value of the aortic root by 3A4%, while the pulmonary trunk:aortic root ratio remained unchanged. The pulmonary trunk in the parasternal short axis view was slightly smaller than in the long axis view (p < 0-001), whereas the aortic root in the parasternal short axis view was larger than in the long axis view (p < 01001). Consequently, the pulmonary trunk to aortic root ratio in the parasternal short axis view (0 99) was smaller (p < 0 001) than in the long axis view (1-09) . The walls on M mode a satisfactory image of the wall of the pulmonary measurements of trunk in the parasternal short axis view than in the e' or gave widely parasternal long axis view and we also tended to underestimate the pulmonary trunk size in the short axis view, although the difference was less pronounced than that observed by Snider et al. 6 Our results indicate that, with the exception of the first weeks of life, the dimensions of both great arteries show a linear correlation with the square root of the body surface area. This function also gave the best fit in an earlier cross sectional echocardiographic study. 6 In M mode studies the size of the aortic root varied linearly with body surface area'3 15 16 aged more than one month and throughout childhood; this gave a nearly straight horizontal regression line and a narrow confidence interval for the relation between pulmonary trunk to aortic root ratio and body surface area (fig 2) . The finding that the pulmonary trunk is slightly larger than the aortic root confirms the results of previous studies on smaller numbers of normal children, in which the same echocardiographic view (parasternal long axis) and measuring sites were selected.' 7 Our results do not accord with those of Snider et al who found a wide scatter of pulmonary trunk to aortic root ratios and a pulmonary trunk dimension smaller than the aortic root dimension in most children.6 This difference may be partly explained by their use of the parasternal short axis view which, as shown in our study, leads to underestimation of the pulmonary trunk dimension and overestimation of the aortic root dinmension. We did not attempt to validate our results against invasive techniques or postmortem measurements. Our data, however, generally accord with such studies. Sievers et al reported on the angiocardiographic dimensions of the great arteries in 24 normal children. 4 The mean values of pulmonary trunk dimension (at the pulmonary valve level) and aortic root dimension (just distal to the sinuses of Valsalva) give a pulmonary trunk to aortic root ratio of [1] [2] [3] [4] [5] [6] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] hours and 3 days-3 weeks. In the 3-6 month age group the mean pulmonary trunk diameter was again equal to the measurement at birth and from three months on there was a steady increase in pulmonary trunk size that was related to body surface area and age. By contrast, the aortic root dimension increased gradually from birth onwards. Consequently the pulmonary trunk to aortic root ratio was greatest during the first hours of life but by one week had decreased rapidly to reach the "normal" value obtained in older infants and children. This change was distinctly shown in a subgroup of eight neonates in whom echocardiographic examinations were performed within 12 hours after birth and repeated in the course of the first week of life. Obviously, postnatal physiological changes of the circulation profoundly affect the size of the great arteries. The rapid decrease in the size of the pulmonary trunk coincides with the dramatic decrease in pulmonary vascular resistance and pressure and the redistribution of blood flow after birth, as extensively shown in fetal lambs.20.
The dimensions of the great arteries varied depending on the measuring technique. We systematically used the leading edge method which has been shown to be the most accurate.2' In some chil dren, however, this method was found to be unreliable when used to measure the pulmonary trunk diameter from the parasternal short axis view. In this view the anterior edge of the pulmonary artery tends to be blurred. In these subjects only the inner diameter could be assessed. When it is imaged in the parasternal plane, and particularly from the short axis view, the pulmonary trunk appears to change size with the cardiac cycle. We therefore measured the diameters of the great arteries in systole and diastole. Previous studies have shown that the cross sectional area of the aorta increases 5%-10% during systole while that of the pulmonary artery increases 2% to 18%.22 23 Similar changes in diameter were seen in our study when the great artery dimensions were measured in the parastemal long axis view. The mean end systolic aortic root diameter was 3-4% larger than the end diastolic diameter, while the pulmonary trunk diameter increased by 4-3%. As these changes occurred simultaneously the pulmonary trunk to aortic root ratio was not influenced by the cardiac cycle. In the parasternal short axis view no consistent pattern in the systolic-diastolic changes was found. In most patients the diameter of the pulmonary trunk increased in systole, but in some it decreased. This decrease has also been reported by others when they measured the pulmonary trunk in the parasternal short axis view and has been attributed to a systolic movement of the pulmonary artery in such a way that the examining plane no longer passes through the centre of the vessel. 24 Our results indicate that this factor has no major influence in the parasternal long axis view in which we found a small but consistent systolic increase in the size of the pulmonary trunk.
Our study provides-normal values for cross sectional echocardiographic measurements of the pulmonary trunk and aortic root in neonates, infants, and children. We found that the parasternal long axis view was more reliable than the short axis view for measuring the pulmonary trunk. In contrast with the fairly wide 95% confidence intervals for pulmonary trunk and aortic root size, the pulmonary trunk to aortic root ratio showed little individual variability and was remarkably constant throughout infancy and childhood. The graphs relating these measurements to age (in neonates) or body surface area (in children older than one week) should be useful in assessing patients with congenital heart disease, particularly th-ose with a decrease or increase in pulmonary blood flow.
